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ENVIRONMENTAL MONITORING PLAN M0397

ABSTRACT

This plan is prepared to detail the environmental monitoring requirements for the Wekion
Spring Site Remedial Action Project in accordance with Department of Energy Order 5400. 1 and

" to ensure monitoring is sufficient to protect the environment and water users downstream of the

Weldon Spring Site Remedial Action Project. The plan is to be reviewed anmally and reissued
at least every 3 years. ‘Revision 4 of this document is the result of the re-evaluation of .
groundwater, National Pollutant Discharge Elimination Systern (NPDES) surface water, and -air
monitoring pregrams based on changes in stie remediation activitics and past monitoring results .
at the site,

The Weldon Spring Site Remedial Action Project monitoring program is designed to
address pathways and constituents to human and environmental receptors in a changing waste
setting and to further characterize the waste units in order to model their behavior under specific
conditions. Site specific criteria considered in planning pathway analyses included physical,
chemical, and biological characteristics of the radionuclides and chemical contaminants detected,
spatial distribution, -concentrations, depth to groundwater, geology of the area, climatic
conditions, how the area is used by the public and wildlife, and the proximity of contaminated
sites to potential receptors.

Site features receiving surface water will be sampled and contaminani levels will be
measured, The migrating surface waters will be sampled along their courses to track their
behavior until the concentrations are diluted or otherwise rendered indiscernible from
background levels. Groundwater will be sampled at locations of known or potential inpact to
monitor the effects of remiedial actions on groundwater quality and to monitor contaminant levels

 that may exceed water quality standards, Groundwater that surfaces at Burgermeister Spring will

also be sampled to provide a complete assessment of the groundwater system.

" Work-area monitoring will be conducted to provide knowledge of real-time airborne
ernission levels. Specific locations around he site where there is concemtrated buman activity
are considered “critical receptor” locations and will receive focused attention. Agriculturat
products are monitored as part of the characterization of foodstuffs and to established natural
levels of radiomuclides. Radicnoclides in aquatic ecosystems are monitored: to assess

‘environmental conditions. This characterization, along with the determirations made during

DOR/ORSZ1548-424, Rev. 4 i



- .- NPDES permits issued 1o the- Weldon: Spring, Site Remedial Action-Project and. the.resnlts. will.,

ENVIRCNMENT AL MONITORING PLAN Q102397

subsequent, routine biological and surface water sampﬁng, will meet the enviromnental
monitoring data peeds of the project and reveal effects of the project on aquatic life.

Peint discharges.of storm water. and treated water will be sampled in accordance with the.

be reported to the Missouri Department of Natural Resources as-required by the permits..
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SUMMARY OF CHANGES

Revision 4 of the Environmental Monitoring Plan is the result of the re-evalustion of
. groundwater and. aix monitoring programs.based on changes in site remediation activities and..
‘past monitoring results at the site. A table summarizing the changes can be found in Section
1.3,
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1 INTRODUCTION
The Weldon Spring sile is located near Weldon Spring, Missouri, 48 km (30 mi) west
of St. Louis, Missouri. The site formerly consisted of an inactive uranium production facility
including raffinate pits, an inective chemical plant, an abandoned limestone quarry, and

associated vicinity properties. These areas contain chemically and radiologically contaminated
materials originating from previous operations at the site.

Remediation of the Weldon Spring site is being conducted under the Comprehensive
Environmental Response, Compensation and Lighility Act (CERCLA} and as part of the U.8S.
Department of Enerey Environmental Restoration and Waste Management Program. The
program is known as the Weldon Spring Site Remedial Action Project (WSSRAP). The major
goals of the WSSRAPF are to eliminate poiential hazards to the public and the environment, and
to the extent practicable, make surplus real property available for other uses. An environmental
documentation approach has been developed that satisfies the requirements of both the CERCLA,
as amended by the Superfund Amendments and Reauthorization Act (SARA), and the Narional
Emvironmenral Policy Act (NEPA). The results of this process are the Record of Decision Jor
the Management of the Bulk Wastes ar the Weldon Spring Quarry (Ref. 1) and the Record af
Decision for Remedial Action at the Chemical Plant Area of the Weldon Spring Site (Ref. 2) on
uitimate disposal of the Weldon Spring site wastes which was issued in September 1993,

Department of Energy Order 54{1().1, General Environmental Protection Program,
requires the preparation of an Environmental Protection Program Implementation Plan at all
Department of Energy sites. The Weldon Spring site Emvironmental Protection Program
Implementation Plan (EPPIP)Y (Ref. 3} details the methods by which the WSSRAP will comply
with this order. Because the WSSRAP is a remedial action project, the overall goal is different
from that of the operating and/or production facilities for which Department of Energy
Order 5400.1 was developed. Therefore, the WSSRAP EPPIP meets the intent of Departrnent
of Energy Order 5400.1 while being tailored to the unicque aspects of a remedial action project.
The WSSRAP has prepared this Ernvironmental Monitoring Plan (EMP) to meet the requirements
for Department of Energy environmental monitoring programs as specified in Department of
Energy Orders 5400, I and 5400.5 and the Regularory Guide for Radiclogical Effiuent Monitoring
and Environmental Surveillanee (Ref. 4), hereafter referred to as the Regulatory Guide.

DOEOR/21548-424, Rev. 4 1
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This Environmental Monitoring Plan is to be reviewed anmually and reissued at least
every 3 years in accordance with Department of Energy Order 5400.1. Anmual reviews will be
documented and summaries of needed revisions will be transmitted to-the Department of Energy..
along with éxpected dates of isspance. If during the monitoring year, significant deviations or
alterations to this plan are necessary, approval by the Department of Energy will be obtained.
Any deviations or alterations will also be summarized and documented in the annual. sﬂ:e _
environmental report for the year of occurrence. -

1.1 Purpose

Department of Energy Order 5400.1 requires the preparation of an environmental
monitoring plan to define the effluent monitoring and environmerital surveillance required to
demonstrate compliance with applicable Federal, State, and local environmental protection taws
and regulations, execitive orders, and internat Department of Energy policies.

The purpose of this plan is to detail the environmental monitoring requirements a: the
Weldon Spring site. Environmental monitoring is performed at this site to document and
quantify potential public exposure, to profect public health and safety and the environment, and .
to demonstraie compliance with applicable legal and regulatory requirements. The monitoring -
program also verifies adherence to Department of Energy environmental protection poficies and
supports remedial planning.

1.2  Scope

This plan describes the effluent monitoring and environmental surveillance activities that
will be performed at the Weldon Spring site. These activities include monitoring of surface
water, groundwater, radon, gamma exposure, air particulates, biological parameters, and
meteorclogical conditions. The plan also describes applicable monitoring reguirements,
analytical methods used, and quality assurance measures. Details and rationale regarding
sampling frequencies and apalytical parameters are provided. Also presented are summaries of
additional programs implemented to satisfy the requirements of Department of Energy Order
5400.1, Order 5400.5, and the Reguiatory Guide (Ref. 4). An evaluation of cemphame ar
noncompliance with each regulatory guide criteria statement is included in Appendix A of this
document. Where criteria statements are applicable to the WSSRAP, recognition of satisfying

DOE/OR/21548-424, Rov. 4 _ 2
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the criteria is inchuded in the text and in Appendix A; where criteria statements are not
applicable, justification for exclusion is inchuded in Appendix A only.

1.3  Monitoring Changes From Revision 2

_ The EMP has been revised on a yearly basis even though, at a minimum, revision is
- -required only-every- 3 years, with-reviews-conducted annually. - The EMP was revised for 1997.
*becanse of the sufficiency of past data collected, foundation removal,-and-other work-paskages. .. -
Table 1-1 shows the major changes in menitoring and the reasons for the changes.

TABLE 1-1 Changes From Revision 3
MEDIA & PARAMETER .
LOCATIONS CHANGES REASQNS
NPDES, Site
MNane
NPDES, Quarry
' MNone
Surface water, Site
Liranium NP-0107 Delete location Yyater divertad to
sedimentation
basin
SW-2017 Add location Upstream
menitoring
SW-2001, 2002, All analyses on sita Proven reliability
2003, 2004, 2005, KPA.
2012, 2016
Surface water, Quarry _
All parameters SW-1001, SW-1002, Delete lacations Sufficient
SwW-1014 characterization
completed

. Mitroaromatics

SW-1003, SW-1004,
SW-10056

Deacraass mnnit{;ring
fraguency

‘Consistently at

background

" DOE/OR/Z1545-424, Rev. 4
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| TABLE 1-1 Changes From Revision 3 {Continued)
MEDIA & PARAMETER -
LOCATIONS CHANGES

Groundwater, Site

REASONS

compounds

locations

All parameters MW-2007, MW-2011, Delete logations Plugged and
MW-2015, MW-2028, abendoned
MwW-2030

Volatile organic Al chamical'pl'ant EMP | Add locations Chlorinated

solvants detected
in groundwater.

Beselne detection
monitoring parameaters
{Ref. 5]

Dispesal call
groundwatar detection
manitoring retwork

Addition of four
disposal csll monitaring
wallz to be sampled
guarterly

Disposal cell
groundwater
detaction

monitering

Groundweter, Quarry

Lhraniurn, total (off-gite
analysis}

MW-1602 thry

MW-1005, MW-1029
thru MW-1032 _

Reduce fraguancy

Reduced activity
&t quarry: '
quarterly KPA.is

‘adequats
Uranium, KPA MW-1002 thru Reduce frequency Raducad activity
: MW-1023, MW-1028 at guarry
thru MW-1033 :
-MW-1038 thru MW-
10389
Nitroarcmatlcs MW-1002 thru Reduce frequency 10 Bimonthly not
MW-1009 guarterly required while
: quarty inactive
Alr, Sita
Radioactive AP-2025 Add location Rapiacement of
particulates deleted manitar
Radioactive AP-2013 Delate location Retention hasin
particulates construction
Alpha track fad_un RD-2025 = Add location Raplacement of
' . . _ deleted monitor
Alpha track radon RD-2003 ' Detate location Retention basin

construction

DOE/OR/21548-424, Rev. 4
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TABLE 1-1 Changes From Revision 3 {Continued)

particulates

AP-1018, AP-1017

MEDIA & PARAMETER _
LOCATIONS CHANGES REASONS
External gammea TD-202E Add location Replacement of
' : delated monitor
External gamma TD-2003 Delate location Retantion besgin
' gonstruction
Asbastos All site locations Dolete locations No active
asbestos
remediation
Alr, !le.u:lrnr'l
Radicactive AP-1014, AP-1015, Delate locations Removal of bulk

wasta complated

Alpha track radon

RD-1G03, RC-1004,
RD-1006, RD-1008,
RD-1009

Dalate locations

Rarmnoval of bulk
waste completad

Elegtret radon

ET-1004, ET-1009, ET-
1010

Delete {ocations

Rermoval of bulk |
whaste completed

Extornal gamma

TD-1004, YD-1008,
TD-1008

Delate locations

Removal of bulk
waste completed

Ashestas All quarry locations Delete iocations Mo active
asbestcs
remediation

Biological

Wetland flora and
fauna

Busch Conservation
Area wetland complax

Begin monitoring

Manitor westland
astablishmant

Springs, Slte

Geochemical SP-631 Delete parameters Sufficient data
paramaters
TCLP Metals BP-6301 Add parameters Monitor soil
ramediation
impacis.
* Lecations ware deleted after bulk waste removal was compleated.

DOE/GR/21548-424, Rev. 47




ENVIRCNMENTAL MONITORING PLAN ; o 0810397

1.4  Site History

In April 1941, the Department of thé Army acquired a total of 6,974 ha (17,232 acres)

- -of-dand, and contracted with the Atlas Powder Company to operate-20-trinitrotoluene (TNT).and.,
dinitrotoluene (DNT) explosives production lines. The plant was in operation from November
1941 through January 1944 as part of the facility known as the Weldon Spring Ordnance Works.
Four of the production lines were located on what is now the chemical plant/raffinate pits area
and-the remaining 16 production lines were distributed across an adjacent property that is now
referred to as the U:S. Army Reserve and National Guard Training Area. By 1949, all but
approximately 809 ha (2,000 acres) of this land had been transferred to the State of Missouri
(August A, Busch Memorial Conservation Area and Weldon Spring Conservation Area) and the
University of Missouri (agricultural land). Except for several small parcels transferred to
St. Charles County, the remaining property became the Anmy training area. -

Through a Memorandum of Understanding between the Secretary of the Armyy and the

. General Manager- for the. Atomic. Energy; Commission (AEC), 83 ha (205 acres) of the former |
ordnance works were transferred in May 1955 to the AEC for the construction of the Weldon -
Spring Uranium Feed Materinl Plant. -Considerable explosives decontamination was performed .
by Atlas Powder and the Army prior to construction of the feed materials plant. Until 1966,
the feed materials plant was operated s an integrated facility for the conversion of processed
uranium ore concentrates to pure tranium trioxide, intermediate compounds, and uraniurn metal.
A smalt amount of thorium was also processed, Wastes generated during these operations were
stored in four raffinate pits on the site.

In 1958 the AEC acquired title to the Weldon Spring Quarry from the Departmert of the
Army. The quarry was located approximately 5.6 km (3.5 mi) south of the feed materials plant.
The Army had used i earlier for disposal of wastes from the manufacture of TNT and DNT,
and for disposal of TNT-contaminated rbble during operation of the ordnance works. Prior to
1942, the quarry was mined for limestone aggregate used in construction of the ordnance works.
The AEC used the quarty from 1963 to 1969 as a disposal area for vraninm residues and a smatl
amount of thorium residue. But most of the material disposed of there consisted of uranjum and
radivm-contaminated building rubble and soils from the demolition of a uranium ore processing
facility in St. Louis. Other mdioactive raaferials in the quarry include drammed wastes,
‘uncontained wastes, and contaminated process equipment.

DOE/OR/21548-424, Rav. 4 )
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The Weldon Spring Uranium Feed Material Plant was shut down in 1966, and in 1967
the AEC returned the facility to the Department of the Army for use as a defoliant production
plant to be known as the Weldon Spring Chemical Plant. The Army started removing equipment
and decontaminating several buildings in 1968, but the defoliant project was canceled in 1969
before any process equipment was instailed. The Army retained responsibility for the land and
facilities at the chemical plant, but the 20.6 ha (51-acre) tract encompassing the raffinate pits
was transferred back to the AEC. From 1969 to 1981, the stams of the Weldon Spring site did

. .mot change. The site was placed-in-caretaker status from-1981-through 1985, when custody of ..

.-the chemical plant and guarry were transferred from the Department of the Army to the
Department of Energy. In 1985, the Depariment of Energy proposed designating control and
decontamination of the chemical plant, raffinate pits, and quarry as a major project.

A Project Management Contractor for the WSSRAP was selected in February 1936. In
July 1986, a Department of Energy project office was established on site, and the coniractor,
MK-Ferguson and Jacobs Engineering Group, Inc., assumed control of the site om
October 1, 1986. The quarry was placed on the Environmental Proteciion Agency National
Priorities List (NPL) in July 1987. The Department of Energy redesignated the site as a Major
Acquisition System in May 1988, The chemical ptant and raffinate pits were added o the NPL
- in March 1989, ' '

Under the CERCLA process, a focused Remedial Investigation/Feasibility Swudy -
Environmental Assessmenr (RI/FS-EA) was used to document the proposed management of the
wastes in the quarry. Compared to the full-scope of the RI/FS, the focused RI/FS was
appropriate for the bulk wastes since removal will decrease the threat of release of contaminants
and is consistent with a permanent remedy for the entire site (Ref. 6). The NEPA/CERCLA
environmental documentation process for the quarry bulk wastes was completed and remedial
activities began in 1991. The first load of waste was removed from the quarry in the summer
of 1993, and ithe last load was removed October 27, 1995,

Remedial investigations were conducted at the chemical plant/raffinate pits area in 1988
and 1989 under the CERCLA RE/FS process. These investigations included characterization of

the groundwaler; on-site soil contamination; contaminated sediments in off-site surface drainages,

lakes, surface water, and springs; and chemical and radiological contaminants in the raffinate
wastes. - The results of each of these investigations have been published in the Remedial
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Investigation Report for the Chemical Plant Area of the Weldon Spring Site (Ref. 7). The
Record of Decision (Ref. 2) marks the selection of the final remediation and disposal methud_:fnr
the chemical plant and bulk wastes for the quarry. The Record of Decision was issued in.
September 1993, . _ : S

Several interim response actions have been conducted at the WSSRAP. Interim response

actions are activities that will not change the ultimate disposal method but have beéen conducted
- to mitigate or -eliminate -conditions -that-pose -immediate-or-potential - threats . to. worker. safety,. .
public health, or the environment (Ref. 8). Some of the interim actions taken were: removal
of exposed friable asbestos, overhead piping, pﬂ]ychlorinated biphenyl (PCB) electrical
equipment, power poles and wires; demolition of all buildings; isolation and capping of Ash
Pond; capping of some other highly contarminated ar&és; consolidation of containerized
| chemicais; and removal of building foundations and contaminated soils to storage areas,

DOE/OR/15458-424, Rey. 4 8
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2 OBJECTIVES AND RATIONALE

The goal of the Weldon Spring Site Remedial Actior Project (WSSRAP) is to protect and
enhance the environment while protecting the public during remedial activities. The action
consists of safely disposing of hazardous and radiological wastes that resulted from the operation .
of the Weldon Spring Uranium.Feed Materials Plant and the Weldon Spring Ordnance Works.
Within the overall project mission, the environmential piotection program focuses on the
operational-activities of the project.

The WSSRAF objectives for the environmental protection program are as follows;

. Assess compliance with applicable environmental quality standards and public
exposure limits.

¢  Measure background levels and site specific compound levels.
. Measure the effectiveness of effluent treatment and controls.
. Assess the validity and effectiveness of exposure models.

» Measure the long term buildup and assess environmentat trends from site-released
contaminants,

. Detect and gquantify unplanned releases.

This Environmental Monitoring Plan describes the rationale and design criteria for the
menitoring program; designates the extent and frequency of monitoring and measurements;
outlines procedures for laboratory analyses, quality assurance requirements, program
implementation procedures, and preparation and disposition of related reports.

In case of deviations from this plan, either intentionally or because of citcumstances
outside the conirol of the Project Management Contractor, concurrence will be obtained from
the U.S. Departmeni of Energy (DOE). Examples include but are not limited to long-term
reductions of sampling frequency, elimination of sampling locations, elimination of analyzed
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parameters, or use of less stringent analytical methods, and addition of sampling locations. Cn -
a case-by-case basis, short-term, limited, informational or emergency sampling may be
conducted under this plan without prior DOE concurrence in order {0 investigate or followup
on areas of saspected environmental concern,

The WSSRAP environmental protection program is separated into two distinet functions:
{1) effluent monitoring, and {2).-¢n¥imnm¢ml-surveillancé. Effluent moenitoring assesses the
quantities of substances in migration pathways from the site at its perimeter or.in -pathways:
subject to compliance with applicable or rélevant and appropriate regulations (e.g., National
Emissions Standards for Hazardous Air Pollutants [NESHAPs]) or permit levels and
requirements (e.g., the National Pollution Discharge Elimination System [NPDES]). The
epvironmental surveillance program generally reviews environmental media within or outside
the site boundlary for the presence and concentration of site-related contaminants to detect and/or
track the migration of those contarninants, Surveillance data are used to assess the presence and
magnitade of any radiclogical or toxicological exposures t0 members of the public, 01' to assess
the effects, if any, on the lacal environment. '

The Weldon Spring site has maintained a relatively stable configuration of its waste
materials since cessation of plant operation and decontamination of some process buildings in
the early 1970s. It is believed that this stability has allowed the site to achieve a rough
equilibrium regarding the migration of contaminants from the site. Since the chemical plant and
. quarTy are presently under active remediation, the nature. of the waste units and their. physical -
positions and chemical states are subject to disturbance. The monitoring program has been’
designed to address pathways and constituents in a changing waste setting and to further
characterize the waste units in order to model their behavior under specific conditions.

The Deparunent of Energy has defined generic performance criteria that their operations
_offices must use in developing their programs. The WSSRAP environmental protection program
has incorporated these criteria into its monitoring program. The objective of the WSSRAP -
" environmental monitoring program is to generate data needed to demonstrate regulatory
- compliance and to assess the impact of contaminants on the public and environment. Therefore,
a program must be developed to assess viable environmental pathways. The program outlined
“in this plan defines a scheme of minimum data points to be collected to evaluate whether
envirormental conditions are changing, and whether site-related contaminants or activities are
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impacting public health or the environment, Where additional density or data points are required
to verify trends or more closely evaluate environmenizl conditions, additional samples may be
collected that are not defined in the plan. Those samples will be collected to serve the objectives
of the environmental monitoring program at the Weldon Spring site and will be consistent. with
the guidetines of the DOE 5400 Orders. The following section describes the pathway analysm-
perfunnwd by the WSSRAP to arrive at the momtonng program.

2.1 Pathway Analysis

To evaluate the potential impact on human or ecological receptors of activities at the
Weldon Spring site, it is necessary to conduct a pathway analysis. Exposure pathways are
identified considering the source, mechanisms of release, type and location of contaminants at
the site, the probable environmental fate (persistence, partitioning, transport, and intermedia
transfer) of these contaminants, and the location and activities of potentially exposed receptors.
Table 2-1 identifies the matrix of factors considered in the exposure pathway screening process.
The primary objective of the pathway analysis is to identify complete pathways and give
reasonable assumptions about future conditions.. An exposure pathway is considered complete .
if & link can be shown between one or more contaminart sources, through one or more
environmental transport processes, to an exposure point where human or ecological receptors
are present. Identification of potentially complete pathways is a qualitative judgement.
Procedures used are intended o be conservative. Identification of a complete pathway does not
necessarily indicate that adverse effects will oceur; it indicates that the effort to monitor releases
is worthwhile from the standpoint of protecting human health and the environment. =

2,2  Monitoring Program Rationale

The critical pathway analyses (radiomuclide and media) conducted for the WSSRAP
included both the Weldon Spring Quarry and the Weldon Spring Chemical Plant and raffinate
pits, anxl are presented in Table 2-2, These analyses were based on data developed during
various characterization and monitoring stndies, from site specific cniteria, site "specific
assumptions, and the matrix of potential exposure routes.

DOE/OR/?1548-424, Rev. 4 11
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TABLE 2-1 Potential Exposure Ftuuté Matrix

COMPONENT OF EXPOSURE ASSESSMENT

FACTORS TO BE CONSIDERED

Affacted Environmental Media

Tarrestris! Biota

Air
Groundwater
Surfece Water
Sediment
Surface Soil
Subsurface Soit
Aquatic Biota

Contaminant Transport Pathway

Airbarne transpart
Groundwater migration
Surface water runoff
Sadiment transpart
infiltration

Parcolation

Surface sail arosion
Transport of aquatic biota
Tarrastrial biota migration

Machanism of Release to Affected Medium

Adr - Volatilization, fugitive dust
emissions, gas emissions.
Groundwater - Percolation, migration, &ing

gtreams.

Surface runoff, groundwater
discharga, partitioning with
sadiment,

Surface water

Sadiment - Sadiment transport in surface
runoff, fugltive dust,
partitioning with surface
vrater,

Surface spil - Fugitive dust
transport/deposition, surface
runoff, surface disturbance.

Subsurface

20il - Leaching, partitioning with
groundwater.

Aquatic bista - Direct contact, ingastion.

Terrastriai :

biota - Diract contact, ingestian.

DOE/QR/21348-424, Rev. 4
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TABLE 2-1. Potential Exposure Route Matrix {Continued}

COMPONENT OF EXPOSURE ASSESSMENT FACTORS TO BE GDHSIDEEED
| Current and future receptors -Human - DOn-site workers, off-site
workers, off-site residential,
racraational.
Ecological . - On-site aquatic, off-site

aguatic, an-glte terrestrial,
off-zite tarrestrial.
Physiochemical conditions of
anvironmental medla.

Envirenmentgat

Routes of axposure by medium Alr - Inhalation, immersian

| Groundwster - Ingestian, derms! contact
Surface water - Ingastion, dermal contact
Sediment - Ingsstion, darmal contact
Surfaca Sail - Ingestion, darmal contact
Subsurface
soil - Ingestian, derms comtact
Biota - Ingestion, dermal contact
Crose Maedia
Transfers
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| TABLE 2-2 Exposure SaenariﬁsEvaIu&ted for M'onituring

PATHWAY
SELECTED
FOR
RECEPTOR EXPOSURE SCENARIO MONITORING RATIONALE
Off-gite Ingestion of small game Mo " Ingestion of small game
Residents animaly in contact with animais by rasidonis is
contaminant source areas. assumed low due to large
buffer zone of wildlife arpa.
Ingestion of groundwater Yes Potentiel use of groundwater
from well downgradient ag a source for drinking water
fram site sources. by residents.
Inhalation of particulates Yeos Potential inhalation of airboms
dispersed through wind particulates by rearby
erosion and remedial rasidents.
actions,
Darmal cantact with . Na Dermal contact with
airborne and deposited radiologically impacted
particuigtas particulates is not considered
a substantisf exposure
mecharigrm,
Ingestion of surface water Yag Potential for Ingestion due to .
and/ar gediment,. recreationsal activity in off-gite
impacted waters.
Wildlife Area Inhalation of partlculates . Yas Potential inhataticon. of airborme
Visitors dispersed through wind particulates by wildlife area
arosion and remedial visitors.
actian, '
Ingestion of game and fish Yas Potantial ingestion of gams
inhabiting wildlife area. and fish inhabiting wildlife
' araa collacted during hurnting
seagon.
Ingastion of surface water Yas Fotential exposure through
and contact with sediments ingestion of, or contact with,
whila swimming or wading. _surface water in wildiife
areas.

DOE/ORAZ54E-424, Rev. 4

14




ENVIROMMENTAL MONITORING FLAN

010397

TABLE 2-2 Exposure Scanariasfﬁﬁaluﬂtad for Monitoring (Continued)

PATHWAY
SELECTED
FOR
‘RECEPTOR EXPOSURE SCENARIO MONITORING RATIONALE
wildlife Aren Darmal contact with No Dermal contact with
Visitors airborne and depasgited radiologically impacted
{Continuead) particulates. particulates is not considered
a substantial exposure
mechanism.
Terrestrial Biota | Ingestion of surface water, No Previcus studies have
{on site) sediments, or vagetation, indicated no substantial
' or inhalation of air uptake or risk.
particulates.
Tarrestrial Biota Ingestion of surface water, No Pravious studies have
{uff sita) sediments, er vegetation, indicated nc substantial
or inhalation of alr uptake ar risk.
partlculates,
Agquatic Biota Uptake of surface water No Previous studles have
{on site) and contact with indicated no substantial
sadiments. uptake or rsk,
Ingestien of invertebrates Mo Pravious studies have
and vegetation, indiceted no substantial
uptake or risk.
Aquatic Biota Uptake of surface watar Yas Potential human consumption
{off site) and centact with of gama fish in ceontact with
sadiments, surface water and sadirmeants.
Ingestion of invertebrates Yas Potential human consumption
and vegatation. of game fish which ingest
invartebrates and vegetation.

Site specific criteria considered in pathway analyses included physical, chemical, and
hiological characteristics of the radionuclides and chemical contaminants detected, spatial
distribution, concentration, depth fo groundwater, geology of the area, climatic conditions, how
* the area is used by the public and wildlife, and the proximity of contaminated sites to potential
TECEpLors.
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. Site specific assumptions were as follows:
. Off-site residents have limited access to the contaminant source areas,

. Access of off-site large g&me animals o contaminant source areas is. limited by
perimeter fencing. ’ . -
i Prolonged or year round use of on-site water bodies by waterfowl is limited.
» Fraquenﬁy and duration of wildlife area visits per individual is low {Ref. 9). -
| . Average anmmal conssmption of game animals and fish per individual is low.
The monitoring programs described in the following subsections were designed with-
specific knowledge of the active pathways and the pathway analyses performed. Fach media-
. specific monitoring and analysis program follows a peneral rationale.
2.2.1 Surface Water
Surface water is influenced by three general mechanisms:
. Storm water that flows from the site may carry site-source contaminants. Also,
small quantities of water reigrate from the site on a regular basis due to human
e influenced activities such dust control activities, discharge of water retained in
excavations, etc. Treated water from the site and quarry water treaunent plant
is discharged directly to the Missouri River and does not contact contarninants.
| . Contaminants in sediment on site and in stream channels may be resuspended.
| . Discharge of contaminated groundwater from springs to surface water.
Site features receiving surface water are sampled and contaminant levels are measured.

The migrating surface waters are subscquently sampled along their courses to track their
| behavior until the contaminant concentrations are indiscernible from background levels,
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2.2.2 Groundwater

The hydrology and hydrogeology of the Weldon Spring site have been extensively
- studied, - and. separate regimes have been identified for the.chemical plant.and raffinate pits-and;
the quarry based on spatial separation and differing geology. The present conceptual mode]-of -
the hydrogeologic regime at the chemical plant and raffinate pits incorporates the activity of -
diffuse flow theough the fractured limestone and the influence of discrete groundwater movement. .
through solution enlarged fractures and conduits. Monitoring wells are used to monitor the
influence of site contaminants on the groumdwater. Converging conduits transport diffuse flow
to discrete flow, and then to the springs previously mentioned. Appropriate monitoring of the
resurging water at those springs monitors the secondary mechanism of groundwater movement
from the site. '

The present conceptual model of the hydrogeologic regime for the Weldon Spring Quarry
incorporates the fractred flow described above and flow through the perous media of the
Missouri River alluvium. Monitoring wells are used to monitor the influence of the
contaminants in the wastes on the bedrock adjacent to the quarry and alluvial groundwater.

2.2.3 Air and Atmospheric Migration

Airborne releases and atmospheric migration of contaminants constitute a broad set of |-
exposure pathways. Characterization studies indicate that the only significant sources of attborne
contamination from site-related wastes lie within the boundaries of the chemical plant and
raffinate pits. As remedial activities begin to disturb source areas, the potential for increased
airborne emissions will increase. More intensive site-specific and work-area monitoring will
provide knowledge of real-time airborne emission levels.

Radioactive airborne particulates, radon gas, and atmospheric radiation released from |
both the chemical plant and quarry source areas pass the facility boundaries while migrating to |
uncontrolled or public access areas. Site perimeter monitoring will be used to detect and
monitor the migration of these constituents to off-site areas. Finally, specific off-site locations ]
near the site where there is concentrated buman activity are considered “critical receptor” |
locations and wilt receive focussed attention. |
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2.2.4 Soil and Sediment

_ For the purposes of this plan, sediments are thgse solid materials that are mobilized by
surface water flow and which accumulate to some discernable: depth in and along. the stream. .

-channels and in‘lake bottoms. Sediments'have been characterized doring remedial investigations--

of the Weldon Spring site and Weldon Spring Quarry. That characterization, along with the
determinations made during subsequent,. routine biological and surface. water sampling, will meet.
the environmental monitoring data needs of the project.

Soil and sediment on and around the Weldon Spring site have received contaminants from
the site, and in some cases, continue to recetve contaminants. While scils have remained in a
fairly stable condition in the past, mimerous remediation activities have taken place during 1993,
including WP-399, WP-253, and the start up of WP-420. Portions of all three work packages -
ingluded the excavation of contarninated soils. These contaminated soils were stockpiled
primarily at the Ash Pond. To minimize the amount of distarbed soils and associated
contamination that might be mobilized by surface water runoff, the surface water monitoring
program monitored the levels of suspended and settleable solids leaving the site during. these .
remedial actions. In addition, metals of concern (As, Cr, Pb, and T1} and Ra-226, Ra-228, and
jsotopic thorinm were periodically monitored at NPDES storm water outfalls, Contaminants of
concern will continue to be periodically monijtored. The atr monitoring pregram combined with
air modeling, when appropriate, assessed potential impacts to off-site receptors, on the chance
that contaminated soil was dispersed into the air and had the potential to migrate from the site.

2.2.5 Biological Media

Biological factors, such as animals in 2 bicuptake chain, will be sampled to assemble and -
provide surveillance of the environmental and potential human pathways. Biouptake sampling
of fish at surrounding wildlife areas has been conducted simee 1987. Game animals are sampled
when specimens become available, but dose estimates are calculated on the basis of
concentrations in surface water and =oil. Radionuclides in aquatic ecosystems have been
monitored to assess environmerital conditions by using benthic invertebrates as indicators of
water quality. Because results of this monitoring show that the dose to aquatic organisms is less
than the protective guideline of I rad/day, monitoring of benthiic invertebrates has been reduced
to a surveillance level as described in Section 3.4.3.2. :
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3 ENVIRONMENTAL SURVEILLANCE

The environmental surveillance program for the Weldon Spring Site Remedial Action
. Project (WSSRAP) is based on a pathway analysis for possible exposure routes and TeCepiors
in accordance with Department. of Energy Order 5400.1 and 5400.5 and the Regulatory Guide

(Ref. 4). 'The pathway analysis is described in Section 2.1. Exposure routes requiring
surveillance are air, surface water, groundwater, and biological media. -Radiologicai

concentrations obtainedt for each of these media are used to estimate public dose and to provide

compliance data for applicable environmental regulations.

The environmental surveillance program for each medium is based on the applicable
regulations, the hazard potential of radiological and chemical contaminants, the amouni and
concentration of contaminants, and the impacts to the environment. Sampling locations,
frequency, and analyses required to determine the ambient environmental levels for each medium
are summarized in the following sections. - '

3.1  Surface Water Surveillance Program

Surface water samples will be collected from locations that are known to be, or
potentially could be impacied by elevated concentrations of contaminants from the Weklon

Spring Chemical Plant and raffinaie pits or the Weldon Spring Quarry. Because of the differing

topography and hydrologic conditions at the chemical plant and the quarry, surface water
sampling programs for each of these areas are described separately. In previous Emvironmental
Monitoring Plans, the monitoring of springs was included as part of the surface water monitoring
program. Since 1992, the WSSRAP has incorporated spring monitoring under the groundwater
monitoring program, consistent with the draft U.S. Environmental Protection Agency guidance
for groundwater monitoring in karst terrains. The data on contaminants in spring water will be
more directly correlated to levels in the groundwater near the site as measured using
conventional groundwater monitoring technicues. :

3.1.1 Surface Water Evaluation

A surveillance program, which includes monitoring bmentialljr impacted surface water,
has been established io determine the distribution of radiochemical and chemical contaminants

DOE/OR/Z1548-424, Rev. 4 19
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that have migrated from the Weldon Spring site. The environmental surveillance pmg;ram for

surface water will be conducted in accordance with the requirements of Department of Energy
Orders 5400.1, 5400.5, and the Regulatory Guide (Ref. 4).

3.1.2 Surface Water Monitoring Program at the Weldon Spring Chemical Plant and -
Raffinate Pits

Surface water draining from the chemical plant area tramsports both dissolved and

- suspended -contaminants- from: waste ‘materials distributed about the site. - Seven monitoring-

locations {Figure 3-1) have been chosen to provide dats necessary to monitor the impagt of
comtarninants delivered to downgradient streams and water features. The locations of the
monitoring points and the purpose for monitoring are described in the following sactims. '

3.1.2.1 Ratignale. The U.S. DepmemnfEmrgy,moooperaunnmththe

- Missouri Department of Natural Rescurces - Division of Geology and Lamd Survey and the

United States Geological Survey, has established a detailed profile of the complex hydrogeologic
system that influences the flow of surface -water from the site. - Fhe chemical plaat area.is-
located on the Missouri-Mississippi River surface water drainage divide. The topography is
gently undulating and generally slopes northward to the Mississippi River. Streams do not cross
the properties, but incipient drainageways convey surface water ranoff to off-site sireams. Most
surface drainage from the raffinate pit area discharges to an imtermittent stream in the Army
Reserve Training Area to the west via-2 sedimentation basin downstream of Ash Pond. Several
much smaller stream bodies also discharge to this watershed. Discharges from these locations

.. combine near St_. Charles County Road D and flow northwalﬂmtol_ake 35 in the August A.
- Busch Conservation Area, then to Schote Creek, which in turn enters Dardenne Creek,. which
. finally discharges into the Mississippi River. A second surface dminage system ultimately

reaching the Mississippi River drains the northeasiern area of the site through a sedimentation
basin near Frog Pond. A storm water sewer system that previously drained land surfaces from
the nerthern portion of the buildings area has been removed. All flows are now surface flows.
Drainage from the northeastern area of the site enters Lake 36 in the Auwgust A. Busch
Conservation Area. Lake 36 in turn discharges into Lake 35, which discharges into Schote
Creek. ' ' ' :

DOE/OR21545-424, Rev. 4. 20
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A third watershed directs storm water runoff from the southern portion of the chemical

plarit southeast to the Missouri River by way of the Southeast D‘rainag_e. In the past, i]_:ﬁlu'alim;
“and inflow of storm water into the abandoned process and sanitary sewers draiped to the

Sowtheast Drainage. The sewers were then terminated at pump stations and the water was -

- pumped to - the site water treatment.plant. . The sewer lines downstream of the lift stations were

gither removed or plugged. During foundation and. contaminated soil removal, the ahapdoned,
sanitary and process sewers were removed and the pump séations shuidown. :

Storm water flowing from the site watersheds has been in contact with contaminated soil,
building debris, and miscellancous other debris; therefore, downstream locations as noted below
will be monitored to determine the effect of site discharges on downstreamn surface waters.
Monitoring results may also be-used o measure the effectiveness of site remedial activities. -

31.2.2 Muonitoring Locations. All feares monitored by the surface water
surveillance program are situated on the north (Mississippi River) side of the drainage divide.

.- 'Waters requiring contaminant monitoring to the south of this divide are monitored by the effluent

monitoring or the quarry groundwater monitoring programs. The routine monitoring locations

© are numbered SW-2001, SW-2002, SW-2003, SW-2004, SW-2005, SW-2012, and SW-2016

{Figure 3-1). Location SW-2015, the materials staging area basin, was added in 1992, but-was -
transferred to the National Poltatant Discharge Elimnination System (NPDES) program in 1994,
Frog Pond (SW-2011) and Ash Pond (SW-2010) were transferred to the NPDES program in
1954 becanse the discharges from these ponds exit the chemical plant through NPDES permitted
outfalls. The four raffinate pits (SW-3001, SW-3002, SW-3003, and SW-3004) were deleted

.. -from the Environméntal Monitoring Plan (EMP) in 1994 because these waters are being treated

in the site water treatment plant and, therefore, are monitored under treatment plant operations
sampling.

Sampling locations $W-2001, at the confluence of Schote and Dardenne creeks, and
SW-2016, downstream of SW-2001 at the intersection of Dardenne Creek and County
Highway N, monitot any comtribwtion of site derived contaminants to Schote and Dardenne
creeks. Locations SW-2002, SW-2003, SW-2004, SW-2005 and SW-2012 monitor the three
lakes in the August A. Busch Memorial Conservation Area that lie within the watershed
immediately downstream of the chemical plant site. During late 1996, Lake 36 was drained to
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prepare for remediation during 1997, Although there witl be no permanent pool in Lake 36 for
all or part of 1997, water flowing into and out of the lake will continue to be monitored.

3.1.2.3 Monitoring Schedule. All surface water locations retained in the
monitoring program will be monitored for uranium according to the schedule in Table 3-1.

Samples will be collected once a quarter and, if possible, on the same day that upstream NPDES

samples are collected. Samples will be-analyzed using the site kinetic phosphorescent analyzer
(KPA), thus allowing a more timely receipt of results. . In the event uranium levels are elevaied

‘at the NPDES ountfalls”(as determined by KPA results), then surface water samples will be-

analyzed using the site KPA on at least a monthly basis until elevated levels decrease. The
uranism concentration defining an. elevated level will be determined on a case-by-case basis
using historical data, Other site derived contaminant parameters were rernoved from the
monitoring schedule because they have remained below water quality standards at hese
locations. Data geneiated from this surface water sampling will be reviewed in accordance with
Procedure ES&H 1.1.7. The data will be compared 1o historical data and reference values as
shown in Appendix E, Tables E-1 and E-2, to determine if the concemtrations are “above
normal." "Above normal" values are reported to the U.S. Department of Energy (DOE) and
other agencies in a timely manner as outlined in Procedure ES&H 1.1.7.

TABLE 3-1 Woeldon Spring Chemical Ptant Surface Water Monitoring Program

TOTAL URANIUM
LOCATION | KPA

© §W-2001 Q
SW-2002 Q
SW-2003 o
SW-2004 Q
SW-2005 Q
SW-2012 . Q
SW-2016 a

Q Quarterly.
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3.1.3 Surface Water Monitoring ngram for the Weldon Spring Quarry

Six surface water monitoring locations near the quarry will be routinely sampled. These
. locations were chosen to investigate and document whether surface waters near the quarry might
pose a risk to human health or the environment because of potential mobilization of residual
quarry wastes and migration of contaminated groundwater into:surface waters near the quarry.,...

- 3.1.3.1 - . Rationale: The quarry-is located on the northern bluff of the Missouri..

River valley. Surface water within the quarry collects in the quarry pond; therefore, there is
' no direct surface water runoff from the quarry. When the quarmy sump is not in a pumped-down
condition, movement of contaminated groundwater through the fractured bedrock of the quarry
into the fine-grained alluvium to the Femme Osage Slough has resulted in elevated uranim
levels in the stough water. The slough is impacted by contaminated groundwater migrating from -
the quarry; therefore, it is routinely monitored. All bulk waste has been removed from the
quarry; therefore, monitoring will also show the affect of bulk waste removal on surface water.

3132 Monitoring Locations. © Six sampling locations, SW-1003 - through -
SW-1005, SW-1007, SW-1009, and SW-1010 (Figure 3-2), are distributed along the Femme
Osage Stough west of, adjacent to, and east of the quarry, These locations within the slc-ug]i
were chosen to provide representative data for areas that are potentially impacted by the quarry
comamination. The quarry pomdd is monitored dunng the quamy water treatment plant
operations. Missouri River sampling was deleted from the surface water program because
baseline water quality data sampling for water treatment plant operation activities was completed.

3133 Monitoring Schedule. The surface water near the Weldon Spring Quarty
that is potentially affected by the quarry is the Femme Osage Slongh. The lecations to be
sampled are shown in Figure 3-2. Table 3-2 outlines the monitoring scheduie.

All locations wili be monitored for fotal uranium becanse of the flwmations in
concentrations as a result of changing slough levels and groundwater static water levels, and
because the surface water contaminants potentially impact groundwater south of the slough, This
will allow trends to be identified in addition to maintaining a surveitlance of uraniun in surface
waler bodies near the quarry. Locations SW-1003 through SW-1005 will be monitored
semianmually for nitroaromatic compounds because they are downgradient from the area of
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TABLE 3-2 Woeldon Spring Quarry Surface Water Monitoring Analytical Ffagram

PARAMETERS
TOTAL URANIUM
. ' NITROAROMATIC

LOCATION . KPA | OFFSITE - . COMPOUNDS .
SW-1003 B A 5 '
SW-1004 B A 5
SW-1005 8 A 5
SW-1007 ! A NS
SW-1009 o A NS
SW-1010 o] A NS

5 Semiannually

B . Bimonthly

Q Quarterly

NS Mot Samplad

KPA  Kinatic Phosphorescent Analyzer (On Site}

greatest nitroaromatic groundwater contamination. Historic data indicate no nitroaromatic impact
at the remaining surface water sample locations.

Data generated from this surface water sampling will be reviewed in accordance with
Procedure ES&H 1.1.7. The data will be compared to historical data and reference values as
shown in Appendix E, Tables BE-1 and E-2, to determine if the concentrations are "above
normal.” "Abaove normal” vales are reported to the DOE and other agencies in 2 timely
manner as ouslined in Procedure ES&H 1.1.7.

3.2 Groundwater Surveillance Program

Groundwater samples will be collected from locations in the chemical plant area and the
quarrTy areas where groundwater is known to be impacted or has the petential to be impacted.
Due to the differing hydrology and hydrogeology of the two areas, these groundwater monitoring
programs are discussed scparately.
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.. Groundwater beneath several wasl:e storage facilities at both the chemical plant and quarry |

is monitored to comply with the intent of 40 CFR 246, Subpart F and 10 CSR 25-7.264(2)(F).
A separate monitoring program has been established for these facilities and is outlined in
Section 3.2.4.

3.2.1 Groundwater Evxaluation

- Groundwiter within-and around -the -chemical-plant and -quarry -has: been. radiologically..

and chemically characterized- through sampling aml analyses. - A surveillance program that
includes monitoring potentially impacted groumdwater has been established to monitor

radiological and chemical conditions. The groundwater surveillance program has been developed:
based upon applicable regulations, hazard potential of effluents, quantities and concentrations -

--of effluents, public interest, and the poteniial or actual impacts on groundwater. The
environmental surveillance program for groundwater will be conducted in accordance with the
requirements of the Department of Energy Orders 3400.1, 5400.5, and the Regulatory Guide
(Ref. 4).

3211 Groundwater Characterization. Potential exposure pathways were
determined based on the sampling of groundwater within, and near, the chemical plant and the
quarry. Chemical and radiological characterization of the groundwater was provided through
the implementation of work plans, sampling plans, and other characterization plans. These. plans

were approved by the Department of Energy and the U.S. Environmentat Protection Agency, -

and included environmental monitoring, sampling locations, procedures, equipment, frequency
and analysis required, minirnum detection limits, and levels of quality assurance/quality control.
Evaluation of the characterization data and potential exposure pathways provided the basis for
the groundwater environmental surveillance program described in this monitoriag plan.

In addition to the chemical/radiochemical characterization, changes in the static
groundwater level are monitored either mamtally or with dedicated transducers. Mammal
readings are taken during samnpling events and quanterly during the well inspections. Dedicated
electronic pressure transducers are installed in certain wells to document the static water level
fluctirations on a daily basis when considered necessary.
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3.2.1.2 Parameter Categories. The following radiological and chemical
parameter categories will be monitored in groundwater at selected quarry and chemical plant
locations since similar contaminant constituents are present at both areas:

. Total Uranium (U): Uranium is a contaminant of concern at both the quarty and
the chemical plant due to both the purification process of uranium and raffinate
storage at the chemical plant and the disposal of uranium contaminated materials

- amd-process wastes: at the -quarry.- - Uranjum: is monitored to-assess migration.in. -
the groundwater syster and contamination levels in the aquifer, and the potential
for exposure to the pubhc.

. Radiochemical Parameters (R): The radiological parameters consisting of gross
alpha, Th-230, Th-232, Ra-226, and Ra-228 are monitored at both the quarry and
the chemical plant due to their presence in uranium residues at each site. These
parameters are monitored (o assess the potential for exposure to the public and
the environment and fo assess migration in the groundwater s:,rstem and
contamination levels in the aquifer.

. Nitroaromatic Compounds {(N}: Nitroaromatic compounds are contaminants of
concern at both the quarry and the chemical plant due to the previous production
of trinitrodoluene (TNT) and dinitrotoluene (DNT) at the Weldon Spring Ordnance
Works -and the disposal of TNT/DNT contaminated materials at the -quarty.
Groundwater at hoth sites will be monitored for 1 3, 3-trinitrobenzene (TNB);
1,3-dinitrobenzene {DNB}. 2.4,6-TNT; 2 4-DNT; and 2,6-DNT.

. Sulfate-Nitrate-Alkalinity (I): Both nitrate and mlfate are comtaminants of
concern dug o their presence as residual products during the uranium purification
process at the chemical. plant and in the production of nitroaromatics at- the
ordnance works. Both nitrate and sulfate levels aze elevated in the raffinate pits
and at some groundwater locations at the chemical plant. Elevated sulfate levels
were observed in monitoring wells adjacent to the quarry and in the alluvium
north of the Femme Osage Slough, Monitoring of nitrate at the quarry was
discontinued in 1993 because there was no evidence of notable groundwater
contamination. Nitrate and sulfate provide potentially important constraints on
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the areal extent of contaminated plumes because these parameters. gencrally

behave as conserved elements in the groundwater system (i.e., they are not
strongly impacted by sorption, precipitation, or degradation reactions). Alkalinity

is monitored to verify general groundwater quality and o determine whether

conditions are favorable to sustain the elevated levels of contaminants.

. Volatile Organic Compounds (VOCs): VOCs have been detected in groundwater

.at localized -areas-of the-chemical plant, The ¥OCs have been -detected in the .

vicinity of Raffinate Pits 3 and 4, and near the northwest perimeter of the site,
The identified VOCs are chlorinated hydrocarbons, which most likely originated

from discarded degreasing agents/solvents used on equipment during plant

operations.

3213 Groundwater Estimated Release Quantities and Public Doses. It is the

objective of the groundwater monitoring program at both the chemical plant and the quarry to
collect sufficient data to estimate the approximate quantity of radionnclides released along a

given migration route. This information will be used to calculate the public dose to hypothetical .

groundwater users. At present, no wells within a 1.6 km (1 mi) radius of the chemical plant site
are actively pumped as water supplies. Wells outside that area have been sampled in the past
and have shown no evidence of radionuclide contamination from the WSSRAP. Those private
wells will contime to be routinely sampled and analyzed as part of an independent program by

the Missouri Department of Health. The results are also made available to WSSRAP staff for

review.

Presently, eight drinking water production wells are located within a 1.6 km (1 mi) radis
of the quarry. The data collected from the quarry area and the St. Charles County wel} field
ailow the WSSRAP to monitor changes in concentrations of contaminants. No measurable
increases in nranium or chemical contaminant levels above background have been seen at the
well field to date.

3.2.2 Groundwater Monitoring Program for the Weldon Spring Quarry

3.2.2.1 Geology and Hydrogeology. The geology of the quarry area is generally
separated into upland overburden, Missouri River alluvium, and bedrock. The Missouri River
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alluvium and bedrock units vield useable quantities of grﬂmdwamr, and it is within these units
that the groundwater is monitored, General descriptions of each unit follow.

The unconsolidated upland material overlying bedrock consists of up to 9.2 m (30 ft) of

- sifty clay soil and loess deposits, A residual soil is present in some areas between the silty clay

and the bedrock; however, the upland soils near the quarry are genﬁrally not saturaied and.
groundwater is not momtnred '

T]lt‘. sediments comprising the alluviwm along the Missouri River vary from clays, silts,
and sands, to gravels, cobbles, and boulders. The maximum alluvium thickness near the quarry
is approximately 31 m (100 ft). The allyvium is laterally discontinuous and is troncated at the
erosionai contact with Paleozoic bedrock bluffs. The alluvium thickness increases dramatically
. with distance from the bluffs, Silts and clays with minor amounts of sand are the primary
sediments between the biuffs and the Femme Osage Slough. The thick, water-producing sands
and gravels of the alluvial aquifer between the Pemme Osage Stough and the Missouri River
give way to fine-grained orgamically rich overbank deposis beneath the slough. The
potentiometric surface of the alluvial aquifer flucteates in response to pumping of the St. Charles .
County production wells and the stage of the Missouri River. The Missouri River is the primary
recharge source for the alluvial acuifer,

Bedrock at the Weldon Spring Quarry consists of three distinct Ordovician formations.
They are, in descending order, the Kimmswick Limestone the limestons amndl shale of the
Decorah Group. and the Plattin Limestone. The Kimmswick Limestone is a coarsely crystalline
linestone with numerous near vertical solution-enlarged joints, The Decorah Group consists of
interbedded limestone and green shale; it is approximately 9.2 m (30 ) thick, and is
horizontally fractured. The Plattin Limestone is a thinly bedded limestone about 3 m to 38 n
(100 ft to 125 ft) thick.

3.2.2.2 Rationale. Residual chemical and radiological wastes in the quarry
following completion of bulk waste removal are of concem because of their proximity to the
St. Charles County wefl field located approximately 0.8 km (0.5 mi) to the south. Bulk waste
removal was completed at the quarry during 1995; hence bulk waste no longer has a direct
effect. However, residual contamination at the quarry is a potemtial groundwater contamination
source, ‘Well field protection is a sensitive issue for the public, the Department of Energy, and
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other regulatory agencies. The Deparunem of Energy has isszed 2 mumber of orders providing .

- direction on the assessment of exposure to the public, including directions for protection. from.

radiation and chemicals, where applicable. The groundwater monitoring program at the quarry
and well field has been designed to provide the necessary data to accomplish the following
objectives: .

#  ° Protect public health and the environment. . This objective- includes: - assessing -
whether present contaminant levels exceed: State, and Federal water quality
standards, or Departmeént of Energy derived concentration guidelines; detecting
exceedence of background levels at the quarty and the St. Charles County well
field; and monitoring concentration trends of contaminants.

. Provide information on the effects of guarry dewatering and bulk waste removal.
. Perform spatial and temporal trend analyses.

3.2.2.3 Monitoring Locations. Currently, 35 wells, including eight munictpal
production wells, four county-owned monitoring wells, and 23 Department of Energy monitoring
wells are screened within the afluvial matertal located between the quarty and the Missouri River -
isee Figures 3-3 and 3-4). Five of the wells, MW-1035 throngh MW-1037, MW-1040, and
MW-1041, are focated west of the quarry to monitor the immediate area around the quarry water
treatment plant equalization basin. Since- 1994, these wells have been monitored under a

-separate program . discussed in Section 3.2.4. Six wells, MW-1006 through MW-1009,

MW-1014, and MW-1016, are located between the quarry and the slough to monitor
contaminant migration south of the quarry within the alluvium. Monitoring wells MW-1010,

MW-1011, and MW-1017 throngh MW-1024 are located south of the slough within the alluvium

and are monitored to enable detection of contaminants south of the slough. St. Charles County

monitoring wells RMW-1 throngh RMW-4 are monitored to provide an early warning of
comaminant migration toward the county production well field, if this should occur. The eight

county municipa] wells, PW-2 through PW-9, are also monitored to detect the presence of any

quarty contaminants affecting the quality of the municipal welt field water supply.

Currently, 17 Department of Energy monitoring wells are screened within either the
Kimmswick-Decorah or Plattin Formations to monitor contaminants near the quarry within the
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bedrock. Monitoring wells MW-1602, MW-1004, MW-1005, MW-1012, MW-1013, MW-1015,

'MW—I[}_ZE, MW-1027, MW-1029, MW-1030, MW-1032, and MW-1034 were instalied to

monitor contaminants within the Kimmswick-Decorah Formations surrounding the qUAITY.
Monitoring wells MW-1028, MW-1031, and MW-1033 are located south of the quarry within |

. the Plattin Limestone to determine if vertical contaminant migration through the fracture system

has occurred. Monitoring wells MW-1042 and MW-1043 were. completed into the Plattin and .

© Decorah formations, respectively, north (hydraulicaily upgradient) of the quarry in order to:

determine background groundwater quality and to detect the presence of contaminants which may -
potentially originate directly upgradient from the quarry.

For the quarry bedrock sonth and west of the quarry, monitoring well MW-1034
(bedrack) is the upgradient location for the assessment of background groundwater quality in
these materials. - Eight groundwater monitoring wells are located in the Darst Boitom area
approximately 1.6 km ({1 mi} southwest of the St. Charles County well field. These wells were
insialled by the 11.5. Geological Survey to study the characteristics of the Missouri River
alluvium groundwater upgradient from the vicinity of the quarry. Analyses of the groundwater
from those wells were used by the WSSRAP as background values for the well field area. .
These analyses were provided to the WSSRAP by the U.S. Geological Survey to determine
background concentrations. '

Dedicated transducers with electronic recording capacity are frequently used to momtc-r
the static water levels in selected monitoring wells south and west of the quarry. These welis
include MW-1004, MW-1005, MW-1027, and MW-1040. Readings are taken every 24 hours

to correlate with dewatering activities and significant precipitation events. A transducer in

MW-1040 measures the static water level with respect to the base of the quarry water treatment
ptant equalization basin leachate collection system following significant precipitation and/or
flooding events. This data collection is expected to continue through the completion of
groundwater studies for the guarry residuals operable unit.

3.2.24 Monitoring Schedule'.. Two separate grounklwater monitoring programs
have been developed for the quarry to meonitor specific areas according to the levels of
contaminant impact, public concern, and regulatory guidelines. The momitoring programs are
as follows: '
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¢ The Weldon Spring Quarry and Department of E&ergy monitoring wells north and
south of the Femme Osage Slough. '

- The St. Charles County well field and water treatment plant.

The first program is summarized im Table 3-3. This program was developed.te monitor -

- contamtinant migration and the effects of quarry dewatering-and bulk-waste removal, which, .-

began in mid-1993 and was completed :in-late 1995 - This -program. consists of .quarterty. or..

semianmeal sampling of certain monitoring wells for total uranium and chemical parameters.
It is critical to continue monitoring for these parameters to assess negative or positive impacts
to groundwater induced by bulk waste removal activities and the post-removal response of

environmentat contaminants. - The frequency of sampling for each location is based on the.

tisiance of the well from the source or migration pathway and the level of understanding of
contaminant levels necessary to properly characterize the contaminant condition. All monitoring
wells will be sampled at least annually for radiochemical parameters. Selected monitoring wells
will be qualitatively amalyzed for nitroaromatic commpourds guarierly or semiantmally.
Bimonthly sampling of certain monitering wells will monitor the effects of dewatering activities
and bulk waste removal. Total uranium samples will be collected guarterly or semmanmually for

off-site analyses; however, to provide verification.of stable total uranium levels at eritical -

{ocations, samples will be analyzed quarterly or semiannuaily at the same locations using an on-
site KPA. If major changes in uranium concentrations are observed at any locations, based .on
data from the on-site KPA, then data from these locations will be confirmed by off-site analysis.

The second program monitors the St. Charles County well field and the associated

potable water treatment plant. Active production weils and the St. Charles County RMW-series

monitoring wells are © be sampled quarterly and semiannually for selected parameters.
Table 3-4 presents the analytical parameters and sampling frequency of these wells. This portion
of the monitoring program has been develeped by representatives of the Department of Energy
and the Missouri Department of Nawral Resources. Any deviation from this program will be
summarized in the WSSRAP anmual site environmental report.

The well field monitoring program includes sampling both untreated and treated water
from the St. Charles County water (reatment plant. Gross alpha analysis will be performed on
a quarterly basis. This portion of the monitoring program satisfies the portion of the Regulatory.
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.. TABLE 3-3 Weldon Spring -Quarry. Groundwater Monitoring Program Summary. |

TOTAL URANIUM

RA-228, AA-228,
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TABLE 3-3 Weldon Spring Quarry Groundwater- Monitoring Program Summary
{Continued) : :
TOTAL URANRIM
RA-228, RA-228,
CFF-GITE : TH-230, AND NITROARDMATIC
LOCATICHN ANALYEIE KPA TH-232 COMPOUNDE SULFATH ARSENIC
MW-1031 S v s o L4 8
WW-1032 5 G s a L+ 5
MwW-T033 Q [ s 5 5 5
MW-1034 s a 8 s a NS
MW-1038 5 5 s ‘NS a NS
MW/-1039 5 8 5 NS a NS
MW-1042 5 a 5 $ S 5 -
MW- 1043 5 o 5 $ $ 5
i} Cuarterly
& Semi-annual
HE Mot zampled
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TABLE 3-4 St. Charles County Well Field Sarﬁp_iiﬁg Program Summary

PARAMETERS

- Ina-226, RA-228, | meTaLs
MONITORING| TOTAL | TH-230, AND | GROSS |NITROAROMATI .
LOCATIONS [URANIUM* TH-232 ALPHA COMPOUNDS | Az Ba |SULFATE|
MW-1024 a "5 a a al| a Q
RMW-1 Q ! o) a ‘a| a a .
RMW.-2 a S Q g ol e | a
RMW-3 Q 5 ) Q. a| o Q
REAW-4 Q 5 a a al a a
PW.2 o 8 o a s | s s
PW-3 a S 0 Q s | s s
PW-4 Q S Q a s | s, s
PW-5 Q 5 a Q s 8 S

 lpw-e Q S a Q s | s s
PW-7 o) s Q Q s 1 s 5 .
PW-8 Q S Q o s | s | s
PW-g - Q 5 a Q. s| s | s
Rew water Q s o f.l . 5 5 s
Treatad water 141 5 o Q 5 s 5
A Annual

8] Quarterly

? Semiannual

KPA analysis will also be performed quarterly.

Guide (Ref. 4) and Department of Energy Order 5400.5 requiring the monitoring of affected or
potentially affected public drinking water supplies as defined in 40 CFR Part 141.26. The
quarterly gross alpha values will be averaged and presented in the annual environmentat report.
Above-normal and outlier quarterly values wilt be responded to by implementation of procedure
ES&H 1.1.7, Emvironmental Data Review and Above Normal Reporting. Possible responses
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include vatidation of the reported value and resampling of the monitoring location. All values
not-disqualified as-being non-natural will be included in the annual average.

Quality conirol samples {including duplicate, mairix spike, field blank, equipment blank,
and water blank samples) are not included in this schedule, but are collected in compliance with
Procedure ES&H 4.1.4. Sampling frequency, collection methods, and sample handling protocols
Tor quality contrel samples are discussed in Section 7, Quality Assurance.

3.2.3 Grouondwater Monitoring Program for the Weldon Spring Chemical Plant and
Raffinate Pits

Groundwater monitoring is required by DOE 5400.1 and the Regulatory Guide (Ref. 4)
to identify and document pre-operational conditions and monitor the effects of Department of
Energy operations on groumdwater quality, and to demonstrate compliance with applicable
Federal and State laws and regulations. Groundwater monitoring has been conducted at the
chemical plant since the first quarter of 1987. The program has been adjusted vearly to
accommodate changes in laws and regulations, specific project needs, and the requirements of
the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) and the
National Environmental Policy Act (NEPA).

Forty-five groundwater wells have been chosen for routine monitoring to investigate and
document the locations and migration of contaminants that may pose a risk to human health and
the enviromment.

3.2.3.1 Geology and Hydrogeology. Geology at the chemical plant, raffinste pits,
and vicinity properties may be divided into two major units based on gross lithologic
characterization: the unconsolidated glacial and residual soils, and the vnderlying bedrock. The
unconsolidated material consists of topscil, loess, glacially derived sediments, and residuum.
On average, the glacial soils are silty clays with minor amounts of gravel. The unconsolidated
materials, which are present at depths ranging from 6 m to 15 m (20 ft to 50 1), are usually not
saturated and thus are not monitored. Saturated conditions are generally first encountered in the
Burlington-Keokuk Limestone, the uppermost bedrock unit. The Burlington-Keokuk Limestone
is composed of two different lithologic zones: a shallow weathered zone underlain by an
uaweathered zone. C '
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The weathered zone is typically.a grayish-vrange to yellowish-gray, argillaceous
limestone containing up to 60% chért, which occurs as discrete nodules or interbedded lenses,
The weathered limestone is a low-yield, semiconfined, heterogeneous, anisotropic aguifer that
is fractured and susceptible to natural solution processas, Within the confines. of the chemical
plant, the uppermost aquifer generally exhibits diffuse flow properties; however, discrete flow
- -zones may be-present in sairrated, highly weathered bedrock and in the saturated mnduum_.
which fills paleochammls

The unweathered or competent portion of the Burlington-Keokuk Limestope is thinly to
massively bedded, gray to light gray, finely to coarsely crystalline, styolitic, and fossiliferous.
Fracture densities are significantly lower in the unweathered zone as compared to the weathered
zZone. S -

In-contrast to the quarry, which is located near 2 poorly drained area, the chemical plant
site straddles a topographic high. Thus site soils are well drained with minmimal accumylation
of organic material. These conditions foster oxidizing conditions in the unconsolidated materials |
and upper bedrock units beneath the chernical plant, whereas, potentially reducing conditions are _
present in the quarry environs. Redox conditions are an important control on the mobility and
stability of many species that ave potential contaminants at these two locations.

3.23.2 = Rationale. Groundwater flow and contaminant transport mechanisms at
the chemical plant, raffinate pits, and vicinity properties differ from those at the quarry because
of differences in the geningic environments of these two-locations. Site geologic conditions are
briefly described in the following section. At the chemical plant and environs, the aquifer
generally exhibits diffuse flow properties that are overlain by zones of fracture or conduit flow.
To accommodate these two flow mechanisms, the groundwater surveillance program includes
analyses of water from monitoring wells, which typically sample the diffuse component of flow,
and from springs, which represent the resurgence point for discrete or conduit flow- paths.

_ The groundwater monitoriig program at the chemical plant is designed to provide the
necessary data to accomplish the following objectives, ocutlined in Depamm of Energy
Order 5400.1, Chapter IV, Section 3 and Section 5, Part b:
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- * ~  Ensure protection of public health and the environment. Included in this objective...
are (1) determining whether contaminants are present at levels exceeding
maxinuun contaminant levels (MCLs) or assumed background concentrations, and
(2) monitoring concentration levels of contaminants which exceed these criteria.

* - Develop a -baseline for studying long-term and short-term effects of source
- removal, as part of CERCLA-NEPA activities. Baseline data are required to
provide adequate information for future comparisons. :

. Monitor potential effects of the equalization basin associated with the site water
treatment plant and on-site construction activities associated with site remediation.

. Perform spatial and temporal trend analyses.

3.2.3.3 Monitoring Locations. Currently, 65 Department of Energy monitoring
wells exist or existed at one time in the chemical plant and raffinate pit vicinities (see
Figure 3-5). Nine of the Department of Energy monitoring wells were installed in [ate 1992 to
monitor impacts of the equalization basin at the site water treatment plant and the temporary
~ storage area on the quality of the uppermost aquifer. Background -water quallty characteristics -
for the chemical plant area have been determined by the U.S. Geological Survey (Ref. 10),

Sixty-five Department of Energy wells have been completed in the upper, weathered
portion of the shallow aquifer, 45 of which will be monitored in 1997, The remaining 20 wetls
have been completed in the deeper, unweathered portion of the aquifer, and these wells will pot
be monitored in 1997. As site remedial activities progress and site development occurs, SO -
wells will require abandonment due to conflicts with tand use, [n each instance, an evatuation
of the data requirements from that location will be conducted and a determination of well
replacement will be performed. Locations MW-2004, MW-2007, MW-2008, MW-2009,
MW-2011, MW-2015, MW-2028, MW-2030, and MW-4017 were abandoned in 1995
Replacement wells are not considered necessaty at this time. '

3.2.3.4 Monitoring Schedule, For most locations, the 1997 groundwater
monitoring program for the chemical plant reflects no significant change in sampling frequency -
or the number of analyses performed (see Table 3-5). The exceptions to this are locations -

DOE/OR/21548-424, Rev. 4 . 41




4 MW-3014 # MW-A01E & :
“EL : * MW-4016
T e MW4013 e
- L #‘f - Bl -
) .-"‘" ) .,
o - | o Mw-2023 o
* . MW . o,
MW-4012 7 MW-2032 " ~
R 2008
_._-"' ~ . » 'f\,‘ . .
o MW-2026 o ey MW-4018 o
h ' MW-2010 & RN :
3 o MW-2022 1 ~h N, :
‘-\ . MAW-2005 @ _ MW.-2012 ® .
i\.. e MW-202T7 O L MW‘Zﬂ'EE:
R g MW2013 8,
, Mw2002 S MW2014 . )
L] ,. "‘;. !
, O MW-2021 ]
A MW-4025
DMW-WH" A ]
- MW-2003 A MW-2034 .
%, MW-3008 S MW-2017 . 8
o MW-4010 79 ¥ MW3003 - = | :
_ : ;. Mwseaz, s .
MW-002 £ <y ’,..-lgﬁ'."v&ﬂﬂ :
, - - H L
. Y { ~7 MW-a024
‘\ .‘\. \-‘ _-, -
a N A MW.-2043 ®
' MW—I-GQB\_\ '\'_ ’.f
S T { _ »
MW-406 : . i —— MW-5021 &
MY-4007 = o T Ta - i i F ;
o : L : -2038 o ] _
L] L s B .
MW-3001 | @ MW-30Z7 : W—m?-a
Lo MiV-3028 Mo i MW N
: N MW-2037 { i lis / -4023
O MW-4008 T, k2 '2‘;
I
. - :h
MW-20368 o 2018
...#'
* MW-3013
MW-4004 © |
M0 * o MW-5022
LEGEND | . -
® WEATHERED ZONE
O UNWEATHERED ZONE CHEMICAL PLANT AREA
+ TO BE ABANDONED MONITORING WELL. NETWORK
o MAN-4003 .
o 500 1000 FT FIGURE 3-5
’ goxs  IOAEM TR DOEORI21S48-424 | AKCP/087/0893
ST Mr o GLN - I™™  11/19/56




ENVIRONMENTAL MONITCRING PLAN . 0103497
.o |

. TABLE 3-5 Weldon Spring Chemical ‘Plant Monitoring Program Summary

ANIONS

TOTAL -
LOCATION URANIUM - [ Rap® | MTROS® | nNo, | so, [ voas'™

Weldon Spring Chemicai Hﬁnt Monitoring Wells _ |
MW-2001 A NS A A NS NS
MW-2002 A NS A A NS NS
MW-2003 A NS A A NS | M
MW-2005 A NS A A NS NS
MW-2006 A NS A NS NS M
MW-2010 A NS A NS NS NS
MW-2012 A NS A NS NS M
MW-2013 A NS A NS NS M
MW-2014 A NS A NS NS .| NS
MW-2017 A NS A NS A NS
MW-2018 A NS A A NS NS
MW-2032 A NS A NS NS M
MW-2033 A NS A NS | Ns M
MW-2034 A NS A NS NS ‘NS
MW-2044 A A A NS NS | NS

Weldon Spring Raffinate Pits Maonitpring Welis

MW-3003 A A A A NS M
MW-3019 A A A A NS M
MW-3023 A A A A NS M
MW-3024 A A A A NS M

. MW-3025 A A A A NS M

| MW-3026 A A A A NS M
MW-3027 A A A A NS M
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TABLE 3-5 Weldon Spring Chemical Plant Monifnring Pragram Summeary {Continifed).

ANIONS -
TOTAL. . :
LOCATION URANIUM | rap® | NTROS®! | no, | sop [ vOAsle
Viginity Property Monitoring Wells

MW-4001 A NS A NS NS M-
MW-4002 A NS A NS NS M
MW-4003 A NS A NS NS | NS
MW-4005 A NS A NS NS NS
MW-4006 A NS A NS NS NS
MW-4010 A NS NS NS N | wNs
MW-4011 A NS A A A NS
MW-4013 A NS NS NS NS | Ns
Mw-4014 A NS NS NS NS NS
MW-4015 A NS A NS | Ns NS
MW-4016 A NS NS NS - NS M
MW-2018 